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INTKlilUiC'riDN 

Tho niuiiluM- of iiUf nu'tiiupul fTS in jiublk' seluinKs iniTo;iSL?d a wlmji- 
pin^. 2\{) purcL'iiL boiwuLMi fall 1^J8() ami wprii^^ 1"^^- (NCKS, 1982). 
Despite Uli is seemingly impressive niimber, nnd despite the ballyhoo 
that is made about uoTijpu ter-ass is ted education, there is much less to 
this number than meets the eye. Although roughly 100,000 microeoni- 
puters can be found in our public schools, this number translates into 
about 1 microcomputer for every school, or 1 micro for every 20 
cliissrooms, or 1 micro for every 450 students. From these numbers, 
it is easy to see why most classrooms do not have ready access to 
micros ; why there is insufficient time for most students to become 
literate beyond superficial operational characteristics of the 
machines; and why there is insufficient time for most students to re- 
ceive computer-assis ted-instruction (CAI) in ^ny concentrated amount. 

Clearly, this paucity of microcomputers is a major obstacle to 
reaching national goals for computer literacy and CAI, but it is not 
the only one. Two other obstacles would remain even if more micro- 
computers were available. They are the lacTc of adequate courseware 
and the lack of teachers well-enough versed to use computers effect- 
ively in their instruction. 

The goal of this study is to set forth guidelines for designing 
educational courseware that meet teachers' needs and for educating 
preservice and inservice teachers in the instructional uses of micro- 
computers. To this end^ the study examines the relationships among 
teachers* attitudes toward computers, their knowledge of computers 
and the subject matter taught, and their uses of microcomputers for 
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insL nil' I i (in . 'I'h I ^; paju'r ilesc r i lu*s llu' sLiulv ;uul ri'iunl^; pirldniuarv 
iinprussimis aiul f i lul i iif.s • 

DKS 1 GN OK 1^1 IF. STUDY 

Wl- piis i t that Hclioo 1-di s L r ic r policLus ti^wn rd iho imp 1 lmiiuii I. L i on 
nnd support for instructional uses of mic rocoinpntLM's alonj; with lIh' 
L'hn rnc L or is t ics of the community nnd students served (e.g., socio- 
econtMiuc status) will influence how many and in what ways teachers 
use micros in instruction. Of additional importance is: the infJuence 
of certain teacher characteristics on their decisions for instruc- 
tional uses of micros. These characteristics include their attitudes 
about computers, for education, and .ln_^QQie_ty.» . and ^uheir. . knowl edge 
about computers and the subject-matter in which they use computers. 
In this study, district- arid school-policies, and the characteristics 
of students serve as the context that moderates the fcjcus of the 
study, teachers' uses of micros for instruction (see Fig. 1). 

We planned to sample five school districts in Cali fo rnia thn t 
systematically varied in microcomputer implementation and support 
policies, and student population served."^ Within each of these five 
districts, two teachers who were identified as unusually successful 
in using micros "for instruction were to be selected in each of two 
schools at the elementary, junior- and senior-higii levels. All told, 
we expected to interview and observe 60 teachers (5x2x2x3), 10 
principals (5x1x2x3) and 5 stafi responsible for microcomputers 
in :'.K*h district. While the design was s t ra i gh t - r< n*wa rd , so:n.'tin(.» 

^'For cost reasons, the study was limitoi^ ■'.v'ographica 1 1 y to 
CaJ i forn ia . 
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lo ;i('t u|. tlu' wnrl.l o\ .Mluca 1 I nn s,. uv rnulil i mp I .'im'n t ,i 1 . Wr 
I,, unci lli.it r.iivlv. il" '"vri-. w.Mihl 1 wn unuim.illv :uhvr'ir,lul 
uslH).,-l^M"lu-rs l.c Ioi'mUmI in om> s.-liool, li'l .Hon." r.'p r.ul.i.'..il In m.Mv 
lli.in o.u' sdun.l or nt more tli.ni nuv yj-nU- l^'vrl williin a ilisirirl, 

Tlic r;u-l is, .11 least in t:iif coinpu Km i nv, ilistricts in 
Calirornla liiat have already ceii I ac Led , llie burden oT ineelinr, 
national R.,als of computer literacy and CAl is placed sciuarely on llie 
shoulders of a very small, dispersed cadre of teachers— "computer 
buffs"— in a school district. Our sampling plan, then, was modified 
such that we searched the state seeking nominations for these teachers 
wherever they would be found. In order to find 60 such teachers, we 
will probably visit AO-50 schools and over 20 districts. 

Sl'L I'CTED L>n^RESSIONS AND PRELIMINARY FINDINGS 

Varia tion in District Implementation and Support Policies for 
M icrocomputers . We found that districts vary greatly with respect to 
implementing microcomputers. Perhaps the most salient variation, 
occurs in centralized coordination, which appears to be unrelated to 
district size or wealth. In one high school district, for example, 
policies are carried .out by a central computer committee comprised of 
knowledgeable district staff and teachers and/or administrators from 
each school. Decisions about the purchase and kind of microcomputer, 
selection of courseware, provision of staff development, and the likt' 
are coordinated by the committee. Equity across high schools iu^,/ 
numbers of computers, availability of courseware and staff dey/fop- 
ment. and use of micros across subject matters is a mni>My>'al of the 

■ ■ • / 
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i.MuniiinM'. MiMMlli-;;i n» ;.,iv, li.ul MllN' ('iuihlr iimliih; iliis Ji . 
Iilrl ,ui»l iMhi' NHiiiJ, li.nl lillli" ililMi'ullv iM'( I i II)', rims ImI PiK (i<-inl 
IM t i on?i iM .'iiiri'*':! II I II 1 I im I'liiM ii . 

Cniiii.ij;! tills with .i iiullhMl :i(»liiuil tllsll'li'l t li.i t lias vJ^mmi lip 
M.Tvirt ti» till' i m|Mi It jiiic'i' of ml c ri>.'i luit. li.is n(U i'Drmu 1 ;i I lul ptMicirs 
I i'r,.i I'll i iniplcimsii ill iini tiiul siippiuM. , .iiul li;is not provided h'adt • i' di i p 
ill I'uni'ilinnl iiu^, iiulividiKil i-udun^lM* t'Tforts t.n provide lLtei';u'V or 
insl rurt: iou wi'Lli niirrtis. TUr. r\\.\oi'[c Mtatu of tlie distficl is ro~ 
t Id led in l\\c fact l\u\t district personnel tMnus iii'i tent 1 y reterrod ns 
to other dLstrLct personnel who, in tlie end, knew nothlnj\ about ooin- 
puLer use, least of all v^/hat Llioir colleagues knew. We sus^joft. tdiai 
these kinds of differences will ultimately affect the instructional 
uses of mii'.rocomputers. But how particular policies help and Iiinder 
tea(dio.rs reniains to be seen. 

Va riation in School-Building Policies . Principals play a key 
role in creating effective schools. We were particularly Interested, 
tlien> in how principal's policies for implementing and supporting 
computers might affect teachers' instructional uses of them. 

So far, we have found in interviews with principals of computer- 
using schools little variability among ;:heir implementation strategies. 
Perhaps the three most striking findings are these > First, almost 
all principals favor instructional use of microcomputers. From what 
meager discretionary funds they have at their disposal (e.g., $4,000), 
they allocate or support departmental allocation of a respectable 
percentage to computer goals (e.g., purchase of hardware, courseware, 
or staff development). They give teachers release time to attend 



,'nmpnii'i Vsun I' shopn or rnu 1 iM'i'nrp;! , Ami lln'V t'm nnr.ii',!' UMrhiTs' 
r.Mii|U|( tM" - li' i ,1 ( imI iuhMi^'ilJi .iiiit ,nM( V ( I i . Si'rninl, I |u>v pl.h'r nnii It 
ot llh' ^^^^|MMl;; 1 h i 1 i I V 1«M t ' y.p . I u* I I 11 )\ 111"' M'linol niiiiputi'i prn)\r.iin ^Hi 
till' I r.h'lu' i;i . Tlu'V' lilt \\[){ rni'i.'t'i' MmiIums lnli» ii;'. Iim', mliMnj, luil 
i n;i ( ,mJ p ii) V i ilr ;;ulu 1 c iM»romM}'t.'imMi I . Tin -v di- 1 imm I < ' i piMis i lu I i t v 
t,i i-iHUiM i M t'v! tiMrhrrs im' '<« jiniiii-oiu' In llu- <'-'iitiMl .Mli'C 

(r..-.., A vii'i' pf I iir i jKi 1 ) 11 ni;ni.'ii\i' tli-l.ill;; o\ Ihrh' ntip u I i • i' 

i iiip 1 1'liu'ii I. .1 1 i on ju » M r [ I's . 

UMi;il Ij; rmiailvrib \ that, all of tlii'; orcm- in t lio la^i' ^'1 
i-ons i ill' ral) If lack o f know 1 alyy ahmil mi r rocampu in lia nlwa I'i- , toniM-- 
wart*, or Irainiii^; ai ternat: i ves^ on Iho part ol p !■ i nc i jia . Vrw li'vv 
pn'ncip'ils ownod a roinputor or knt»w h(»w to uso ono I'or L ns t laic I i on , 
adnii i\ i ^' t ra t: i vo rai-iks, or evc^n rocroarion, di»j;pi(o iwofoj^sod int«'n>;;i 
iv. md oonmii t: nic.MiL to coinpufor l iloracv. What, doos t lii-: indicat L'? 
Porii.-. ps it says som'Jthing about etToctivo mana^omont s t v 1 - 1 lia t is, 
l)Osi.t.'Lvo alfltudos, material encourn^^oiMont. , and ospocially do 1 i:\t\a t i on 
of responsibility to a committed individual, '^'o moro nooossary tiian 
coinputur knowl od ^o . 

Variations in Teachers' Instructional Uses of Mioros. In order 



to determine how various factors influence teachers' ins t rue t itma 1 
uses of micros, it is necessary to devtMop a workinj; idea of what 
constitutes "successful use." 'his, we turned to the educational 

technology literature and found iiltlc to offer that was svstematic 
or that considered how use of micros in instruction might Ih» . "success- 
fu]" from the teacher Vs perspective. 
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''MHiIII)', ill. I iMM.hl (I,.. I MMiiM,,!, ii,,,. ,M-| .|,rrl \ K'r 

' ' '"'^ i HI I n m il i .HI .ih.iiii :,f ih|p|i t >, , I It,* |, , I 

-^'^^ ' I"' 1 -IH'! ■..■Ihiu I .-iiv I i .11 iH 111 ni J.M I I r,|. (, 

* H- ' ^il • I ii'^l I \u'\ I -Ml, I I I I V I I i . i.M I , . .nil Ill , i V h i.-i . 

•""^ HU'(llo>l:: .Mr Ml imMm! Im mm i lit Ml II M I Imw Ml .i.MivilV. I'lltlhi'! 

' ' ' »"-l''ll«'|-.'l I1N>II 1 I Mll^MI lllj. .M l I V ! I I M ; 111, I ,.| .M MM,| .1.. |> I .,I,|U ,| 

I ••.iMiP'i li I f);,; I III nM,i( I 1 I Mi .ir ( i \' U y . 

1'^' I i. MM 'lUM.'r;.,. Ml I I'MiniMl I - • 1 ll;H- W 1 I )| i ll Mils I !|rM IMl ( M,| I (M l 

■'1'*'^"' I i I'M issuitic (li.il LtsjirMMiii cMiniuil Ml- ii:i,. IMS .villiin 

ou^'oini', i) t .1)111 i ll)'. mimI Jr." i :; i niiiiiMk 1 ,ir. pru( rsst-;, . Nr^t , -.v 
ti'.ii'liMi:; .\in m.iki m . i ■ imiki h i r r!){i|ri'>; ;;iiimiii', ;i I f m i i i 1 1 i vi ■ 
'•Mill Sk-.v^.iro Im;- fiMcli i n/. miH' (m' mmiii- ••miiiIm n i ; i um o I v.n;il;;, ;in.l .liiiMii); 

*''^^-'-: ins! ru.-i i(Mi (i".^^, .h-ill :nul prviriico, s iinn 1 a I loii ) i-ivcii 
ifioir ivMMwIfsl.;, Ml (Nm suh. jci t -in;i I [ lm- , rtuiiiMi is , .nnl l.fir clicuac t c r - 
ist iu'.'- oF sLihlL'iiCs in t.luM' r (*1:.ssms. Sucot'sslul LM)in[)ui cm* u.-.c will 
nrlsu wlu'ii UsicluM-s niaki,' rts-i.soiin h 1 e dLMMsicjiis nl)C)iit mat. cli i ii)- i\w 
ctxnpurer aiul .-u/ail.ihlM cs)ursuwaro Lo Lfu'ir i us L rue f i ona 1 j^oais, the 
su() jeca-mariLT stjrurturc , Lho nature of sLudenLs, and Mio instructional 
CA)ntext . Nt'vurth.' h?ss , once t};o plaiiniiij/, dt'cisions have hucn made, 
the teacher mus^ possess the inrorartivo teaching', skj_l.Is in order to 
rarry owl tin'' p.l.ia. 

This CMueeptua I izatiun loads to a definition of suecessfuJ use 
of micros for instinct ion as the ap prop ria te i ntegration of computer- 
based activities with t^emhers^ instructional goals and with ongoing 
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Ir. .11^ M I- t Im! i ii'l I i . ■ Ul. I !,. I .Mil, . . ^ i > ... ' . M.. i I ul;,. ! 

I , 1 ,1. 1 M.lr .t. h I » V i'lli. ii I UM i-.l ' 1 ■ . ■ I 1 r. i l . \ \ : .u;.t . ' |il ■ I ni.l 

UMI I ^ Ml 'hMI < I i u). .Ml I I ,1- . I III »M ^ '.M i^n> .1 iU',. I • - ^ H.'l ■: i i V I t 1> 

I ,1. I li.lr J.', t l.l.l I r • 'Ml. .'jil , .UMl I h i I.'.' • I '1^' U I M , ! ll. . ' . 

, ,„MUH ri .1. I 1^1 I I.'- IM-- h • ' ' : I--- ' , ' > i 

.niil |n\h(h•l^ limiil.it ImiD , Mi.^ I'j .)H[H in' . . I mIuiI.'.iIm .HinptKM 

... I ivi t i.':. l.'.^'. , Uv ii .V, .ihi I i t v) , .III. I i Im' .r.'.j itni.MU nt . . i m 

I,, MiuU-u!.-. .tl.MM- .Sum.' .riliMl.u TIm . i i-p r. v ' I » ^ • ' • 1 m l r ti ( I 

i.,v.»lvc'!. Until llu- l>t.'.\(llli .»! ron\\n\\rv iu:.. a .irMviti^-.. wr 1 I 

rniiiputcr .irtivilir-i for t Vjnv: ul MtudiMiLs or ).u.U!;), KliuiMv. l/^^l- 
l,ark fVt.Ts in llii' mnultnrllM'. I'l p rnrc :i ;Uhl nutroi,,.^;. ( o rvnlu.itr 
.ui»! |n:rh;ipr. rnvlsf uju.v; of »'iiiniu! t iM's in j.iujt nic I i nti . 

lii-liuvs Wi' .Icscr i'ln« llu'si' I'lonuMU s (s<>r Tab O ;uk1 prcvsctif .i 
I'cw import. ml impress inns that havn cmnrK.na 1 rnm t Im tl.il a thus tar. 
Ar.hit»vt'miMU-ro latiMl i as L rur t I tuia 1 y^^A\r, vr\vr (n LuanlsM-'s )>,na I s Inr 
sul) iect-maLlcr mastury, iru'ludlng hntli hasin skills aiul In'^^lier ruj- 
nitivc^ skills, sucli ar. understanding:; ^'nucupts and us i n^', ,app rop r i a Le 
problcMTi-solving prtu-edures and strategiL^s. Motivational ^»oals aru 
described as positive attitudes toward the subject-matter, sueh that 
student's level of interest enables them to spcmd the amount of t 
necessary to reach the ach ievement . )',tva I s , and eneonrac»es them to 
continue their studies in the subject-matter. A third t\i t e^v^ » 
goals for classroom management, refer to teachers* maintenance 
' of an orderly classroom environment, often bv es t ah 1 i sh i n ruU-s 
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I ns t rue* t i una I Con Ls 

(a) Achievement basic skills, concepts) 

(b) MotiVvitinu (vj.g., attitudes, time on task) 

(c) Behavior management 

(d) Unique computer goals 

Student Instructional Activities 

(a) Subject matter concepts (science, math) 

(b) Instructional aids (courseware, textbook, dittos) 

Computer- leaped Activities 

(a) Modes of instruction (e.g., drill and practice, tutorial) 

(b) Student grouping 

(c) Matching students with courseware 

Feedback Mechanisms 

(a) Computer-managed instruction 

(b) Monitoring strategies 
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Fcr appropriate individu.il bclinvior for appmi^r i n Lo vxouv bohnvinr 
Lhrough studL.iU rooperntion or tf.miv:-rk. Fitiallv, t-.-irlM-rs usi.n-, 
microcompuLers often have goals relatiiu; Lo the .:omp..ter Itself, 
apart from the subject-matter in which the computer is used, Tho'U> 
may include operating the computer, basic unders Land ing of how it 
works, or ways to use the computer as a learning tool. 

Not surprisingly, we found that teachers most frequently mention 
achievement and motivational goals, foJlowed by computer );oals. 
Classroom management goals are rarely mentioned. Teachers' goals may 
be influenced by such factors as their attitudes about teaching and 
computers, their subject-matter and computer knowledge, and the con- 
text in which teaching occurs. Thus far, our impression is that con- 
textual variables influence achievement and computer gi.nl.s, while 
teacher attitudes determine motivational goals. For example, teachers 
who emphasize mastery of basic skills and computer-related goals 
typically teach in districts where similar goals are stated district 
priorities. Motivational goals have priority for teacher? who express 
more non- t radi t ional beliefs about teaching and learning. Our 
observations suggest that these teachers often have more "opec." class- 
room environments and more innovative teaching styles and practices 
in general. Whether the emphasis of certain types of goals over others 
effects successful microcomputer use remains to be determined. 

Teachers typically plan instruction by sequencing instructional 
activities which cover topics prescribed by some established subject- 
matter curriculum. Subject matter concepts or topics to be covered, 
in 5th grade math for example, are often standardized within n 

14 



district according to st.ilt'-adcjpted gn i di> 1 i lU'S . TIuTe fcuT , the 
teat-iiers we interviewed were very similar with respect to tiie suhjeet 
matter eoiu-e[)tr. or tojues covered in their matii and science classes, 

However, the distribution of in icrocoinpu ti^r uses in math and 
science instruction was quite uneven. Mic^ros are more frequently 
used in math than in science instruction. This occurs at the ele- 
mentary level, in part, because science is not mandated and, in part, 
because there is much more courseware avaiiabJe in math than in scienc 
and wliat is available fits into the st/mdard curriculum, e.g., drill 
.and practice programs in multiplication, division, and fractions. 
At the high school level, the natural tit between comput.ers and matiie- 
matics affects );reater computer use in math than in science. Computer 
programming is most often taught in mathematics departments and stu- 
dents learn programming in order to solve math problems on the com- 
puter. Again, science courseware is lacking and science teaciiers 
most frequently use micros as a tool for problem solving and data 
analysis and cjcc^as iona 1 1 y find api:>ropr iate computer simulations. 

Teachers plan rheir use of instructional aids, stjch as textbooks, 
courseware, dittos, for each instructional activity. Virtually every- 
one, of course, uses a textbook, but elementary teachers more fre- 
quently use dittos or worksheet?; and manipulables in connection with 
their instructional a^;tivities. Without exception, teachers coordi- 
nate con.puter uses w?th '^thcr instructional aids and with the curri- 
culum. Tli.e ,tvpe and degree of coordination varies for different 
reasons. Ava i 1 i 1 i tv of i ours^^ware is agai n important , since a 
greater supply of CAT mn^h cou r.^ •:Mv^a re tlieo re t i ca 11 y enables math 
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teachers to obtniii more apprcpr-ia t e (•(uirsevjaro than scicare teaclu^rs 
can find. Newer higli school math textbooks often inelude computer 
programs, to be used in conjunction with the curriculum. On the other 
hand, science teachers must write their own programs to produce appro- 
priate computer-related instructional aids. The science teachers we 
interviewed had many ideas about how to use the computer in Instruc- 
tional activities and to coordinate computer uses with other instruc- 
tional aids; they simply lacked the time to instantiate their ideas. 

Thus far, we have observed considerable variation in computer- 
based instructional activities. The modes of Instruction in use are 
mostly drill and practice; we have observed fewer tutorials or simu- 
lations. Most of the student groupings involve individual students 
spending equal time on the computer using the same courseware. This 
is due, in part, to the shortage of terminai ^d courseware. However, 
we have noticed three phenomena that seem to characterize successful 
integration of computers in instruction. First, when some of the 
more successful teachers assign students to computer-based learning 
activities, they attempt to individualize the computer instruction. 
Usually this takes the form of assigning more difficult courseware to 
more able students, but the basic equation involves differentiation 
of courseware subject matter content or time on task along important 
student characteristics, such as ability. 

The second phenomenon associated with successful integration 
capitalizes somewhat on the limited availability of terminals. In 
addition, to individual student assignments, some of the more success- 
ful teachers devise activities for groups of students (usually 2-4). 
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FrcqiKMUly, ^;roups a\' similar ability work with courseware that is 
matrhod to their ability level, but creative stratc?gies for composing; 
^;roups and assigning courseware are also seen. This can involve 
giving students special roles within groups, or creating competition 
between groups, for example. 

Finally, teachers who have successfully integrated microcom- 
puters into instruction are more likely to see feedback regarding 
i:omputer activities. Frequently, they seek courseware that records 
student performance or (ideally) diagnoses errors. In addition, they 
informally monitor the process of computer use. The ways computers 
are used evolves over time, with less successful experiences guiding 
these changes. 

Some of these examples jf successful integration represent 
id eals. Progress toward these ideals, however, appear to be in- 
fluenced by teachers' knowledge and attitudes and by the physical 
environment for computer use. Micros are more likely to be inte- 
grated into ongoing instruction — and used in different ways— when 
they arc inside or directly accessible to the classroom. Wliat is 
intriguing about this observation is that decisions about how to con- 
figure microcomputers often contravene their hoped-for uses. Dis- 
tricts with central i^:ed planning often find lab--type arrangements 
easiest to implement. Sctv^ndary schools frequently favor lab or 
media center arrangements, whereas elementr.ry schools are more likely 
to pu^ mlcroi; inside classrooms. The implication is t.hat some of the 
niost croal(vp examples of int. cgr a r i on of computers in classroom in- 
str'jclion .jTu occurring ii^ e i -^'nen a ry sch(H)Is. 
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However, d i fforeiu-cs hetwcaTi U-:u litM's ■u.'m Lo ris-.ire nu-st i)ro- 
minonUy in how .-omputc-rs arc used lor i nst; rucl ioi. . V,-. ry in,; m.uios of 
uao a.id sLude.U i;roup in;,.. , nnd maCchinK, courseware In st.udenf.s r-e(|uir,.. 
some knowledge of poss Lb i 1. it ics feu computer act ivi ties and the 
ability to reeo^nize good courseware and malch it to srudent.s. Thus 
far it appears to be a matter of courseware knowledge rather than 
hardware knowledge, and in our experience so far. progranm.ing know- 
ledge does not seem very important. Successful integration also seems 
to be a matter of at titude— posit ive attitudes towards what computers 
.-can do for students and the willingness to give students some freedom 
around the computer. 

These impressions— if substantiated in our data analyses to 
come--will help us formulate recommendations for training and for 
courseware. Basod on our impressions to date, for example, we may 
recommend more inservice emphasis on courseware selection and evalu- 
ation, and less on technical training and programming. We will have 
much more to say on this in future work. 
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